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OTHOCUTENbHbIE KOOopAunHAaTbl MaTeEPUasibHbIX TOYEK

nei- q = Map[éx[t] &, Range[n]]
q=64[t] &/@Range[n]
dq =DI[q, t]

ouzl= {61 [t], &2[t], &3[t], 4[t]}

ougl- {61 [t], 62[t], O3[t], S4[t]}

oura= {617 [], 82" [t], &3"[t], 64 [t]}

A6ContoTHbIE KOOpAOMHATbl MaTePUaJibHbIX TOYEK

ns= X = Accumulate[q]

outsl- {61 [T], S1[t] +62[t], S1[T] +S2[T] +O3[t], S1[t] +S2[T] +S3[T] +04[t]}

JleBas yacTb gnddepeHuymManbHbIX ypaBHEHN

ner- LSide =mD[x, {t, 2}]
ouel= {MS1”" [t], m (617 [t] +627[t]),
m (617 [t] + 62" [t] + 637 [t]), m (617 [t] + 6,7 [t] + 637 [t] + 647 [t]) }

Cnucok cun

7= F = Map[(n—'l.@) cg&, q]
our- {c (~lo+61[t]), ¢ (-lo+82[t]), c (-le+83[t]), c (-lo+04[t])}

MpaBas YacTb guddepeHLmanbHbIX ypaBHEHUN (CUNbI)
Ncnonb3oBaHue dyHKumn Apply
ner- Fi=Map[-#[[1]] +#[[2]] &, Append[Partition[F, 2, 1], {F[[-111, 0}]]
outlg)= {—c (—1@+61[t}) +C (—10+52[t]), -c (—10+52[t}> +C (—'L@+63[t]),
—c(-le+o3[t]) +c (-lo+64[t]), -c (-le+64[t])}
Ncnonb3oBaHue dyHkumm Apply (nocTdurkcHas 3anumchb)

o= Fi=-#[[1]] +#[[2]] &/@Append[Partition[F, 2, 1], {F[[-1]], 0}]
Outfg)= {—c (—1@+51[t}) +C (—10+52[t]), -c (—10+52[t}> +C (—'L@+63[t]),
—c(-le+o3[t]) +c (-lo+64[t]), -c (-le+64[t])}

YpaBHEHUSA OBUKEHUS

Ncnonb3oBaHue dyHKumn Apply
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nito)= #[[1]] == #[[2]] & /@ Transpose[{1lSide, Fi}]

ourio (M1 [t] = -c (~lo+81[t]) +c (-lo+S2[t]),
m (617 [t] +6,"[t]) = -c (-le+&2[t]) +c (-Llo+63[t]),
m (617 [t] +6," [t] +637[t]) = -c (-le+63[t]) +C (-Llo+ba[t]),
m (617 [t] +62" [t] + 637 [t] + 647 [t]) = -c (-le+64[t])}

Wcnonb3oBaHue dyHKumMm MapThread

nti1-= eq = MapThread [#1 == #2 &, {1Side, Fi}]
out[11]= {m 6,7 [t

]
t

m (617 [t] + 6" [t] + 637 [t]) = -c (-le+S3[t]) +c (-Llo+8a[t]),
t] + 62" [t] + 637 [t] + 847 [t]) = - (~lo+ba[t])}

HavanbHble ycnoBu4

2= U = {
MapThread[#1 =- #2 &, {q /. t » 0, Append[ConstantArray[le, n-1], lo+66]1}],
MapThread[#1 == #2 &, {D[q, t] /. t » 0, ConstantArray[0, n]}]
} // Flatten

ouizl= {61[0] = lg, 62[0] = 1o, 63[0] = Lo,
64[0] = Lo+ S0, 61"[0] =0, 52[0] =0, 53'[0] = 0, 64'[0] = 0}

[NapameTpbl CUCTEMDI

13- params = {(m-»> 1.0, c > 50, 13> 1.0, 6§s » 0.5}

oufiz {M->1.,c->50, lg>1., 5 > 0.5}

n4- {a, b, c}y /. {a>b+1,b->3, c-> 4}
{a,b,c}//. {a»b+1,b>3, c-> 4}

oufial= {1+b, 3, 4}

oufisl- {4, 3, 4}
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NHTerpupoBaHue guddepeHumanbHbIX YpaBHEHW

nier- tk = 53
sol = NDSolve[{eq, nu} /. params, {q, dq} // Flatten, {t, 0, tk}] // Flatten

our7- {61[t] > InterpolatingFunction| [ 83?;3@15{2";'» lrt1,

52[t] » InterpolatingFunction| [ W poman: 0. >0 ¢,

Output: scalar

Domain: {0., 5.3} } [t1,

53[t] -» InterpolatingFunction| Output: sealar

Domain: {{0., 5.}} } [t1,

54[t] > InterpolatingFunction| OUtput: scalar

Domain: {{0., 5.}} ] (t1,

61 [t] » Interpolat‘ingFunct‘ion[ S seeler

Domain: {{0., 5.3} ] [t1,

52'[t] » InterpolatingFunction| Output: sealar

Domain: {{0., 5.}} ] [t1,

Output: scalar

53'[t] » InterpolatingFunction|

Domain: {{0., 5.}}

54/ [t] - InterpolatingFunction| G T Jrt1}

nis= Plot[q /. sol // Evaluate, {t, 0, tk},
PlotLegends » (q /. s_[t] » s), PlotTheme -» {"Presentation", "FrameGrid"}]
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nie= Plot[x /. sol // Evaluate, {t, 0, tk},
PlotLegends » Map["x"; &, Range[n]], PlotTheme -» {"Presentation", "FrameGrid"}]

- X4

out[19]=
- X3

— X4

Bepudurkauyms mogenu

2
2oy~ EK = Total[mD[X—’t]]
2
—1,)2
Ep = Total[u]
2

1 2 1 2
oz — M1 [t]2+ = m (617 [t] +62 [t])2+
2 2

1 1
;m (61 [t] + 62 [t] +63°[t])2 + ;m (61 [t] + 62 [t] + 63" [t] + 84" [t])?

2 2

outz1)- %c (-lo+oalt])”+ ic (-lo+o20t]))+ %c (—10+63[t1)2+§c (~lo+dalt])

ne2- Plot[{Ep, Ek, Ek+ Ep} /. params /. sol // Evaluate, {t, 0, tk},
PlotLegends -» {"u", "T", "T+n"}, PlotTheme » {"Presentation", "FrameGrid'"}]

out[22]=

L o e e e LA s e s
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In[23]:=

In[25]:=

Out[25]=

Out[26]=

AHuMaLms

dDyHKUMS, KOTOpasi pUCYeT NPYXUHY (3ursar)

x1 Havyano NPyuHbl

X2 KOHeLU, NPYyXWHbI

d guameTp NpyXuHsbl

C KONIMYeCTBO “BUTKOB”
y KoopguHaTay

Spring[x1_, x2_,d _,c_,y_] :=
x2 -x1

Line[Table[{x1 + i, y+(-1)"d«0.5}, {i, 0, 2c}]];

Graphics[Spring[0, 1, 0.5, 10, 0]]

OnpeneneHme TOYEK Ha4ana 1 KOHUa NPYyXWHbl

Prepend[x, 0]
Partition[%, 2, 1]

{0, 61[t], 61[t] +62[t], O1[t] +O2[t] +O3[t], O1[t] +O2[t] +63[t] + 4[]}

{{0, 62[t]}, {62[t], Oa[t] +O2[t]}, {O2[t] +62[t], O[] +62[t] +63[t]},
{61[t] +62[t] +S3[t], O1[T] +O2[t] +S3[t] +S4[T]}}
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n27- Manipulate[
Graphics]|
{
Darker [Green, 0.3],
Spring[#[[1]], #[[2]], ©.05, 20, O] & /@Partition[Prepend[x, 0], 2, 1] /. sol /.
t - tf,
Red,
Map[Disk[{#, 0}, 0.1] &, x /. sol /. t » tf]
}s
Frame -> True, PlotRange » {{0, 1, (n+1) /. params}, {-1, 1}}
1, {tf, 0, tk}]
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